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ÄpÉv½wÌÓ¼|´bÉ|È»Ò5½I¼|ÐpºD¸I´bÉ|µ Ã ÐR¸IÐ ¾ ´bË6#ÞºbÉ|¸ÓÐ¡Ò¦¹ÊË?´D½I¼|Ð¡¸ ¾ ¹»¸ ¾ ÉvÝlÌÛ½ ÑDË ¾ Ð¡Ì}½j´O´ ��!�ÐRÒ|¹ÊÒ5Ë|´D½¾ ´bÝ�µ|ÈÊÐU½jÐ¡È ¶?ÑDË|Ì lTÐ¤¸�½j¼|¹»Ì"5iÉ|Ð¡ÌÛ½j¹»´bË¦Ò|É|¸Ó¹ÊË|ºÏ½I¼|Ð§ÙØÆgÖ O µ|¸I´�kÓÐ ¾ ½¡Î�Ù ½�ÝlÑ¯¶ Ã ÐTµv¸IÉ|Ò|Ð¤Ë·½½I´nÝl´B×DÐ¦¸IÐ¡µvÈÊ¹ ¾ ÑDÌ�Ñ;lTÑ¯¶&Ô²¸I´bÝ+Ò|´bÝlÑD¹»Ë|Ìz½I¼ÞÑ[½?ÑD¸ÓÐ:ÌIÉ|ÌÓµ7Ð ¾ ½ Ã Év½<Ëv´D½�5iÉÞÑD¸IÑDË·½j¹ÊËvÐ¡ÒoÎ
o Ë�½I¼|Ð:´D½I¼|Ð¡¸Ï¼ÞÑDË|Ò��G¸IÐ ¾ ´bË #ÞºDÉ|¸I¹»Ë|º3½j´O´h´DÔ ½IÐ¡Ë lp´bÉ|È»Ò l§ÑDÌÛ½jÐ¦¸ÓÐ¡ÌI´DÉ|¸ ¾ Ð¡Ì<ÑDË|Ò�ÝlÑ¯¶ºD¹»×bÐ�½I¼|Ð?Ñ[½I½jÑ ¾RQ Ð¤¸ lTÑ¯¶OÌ�½I´/½I¸I¹ ¾RQ ½j¼|Ð<Ò|ÐUÔ²Ð¡Ë|ÌÓÐ5¹»Ë·½j´Hl§Ñ[ÌÓ½j¹»Ë|º/½j¼|Ð¤Ý£Î
o É|¸?ÑDµvµ|¸I´·Ñ ¾ ¼¥½j´£ÑDË|Ì lTÐ¤¸I¹»Ë|º£½I¼|Ð 5iÉ|Ð¤ÌÓ½I¹Ê´bË,Ô²´b¸<ÙØÆgÖpO l§ÑDÌ<½j´£¸IÐ ¾ ´bË #|ºbÉ|¸IÐ�´bË|È ¶
lg¼vÐ¡Ë Ô²´b¸ ¾ Ð¡Ò�½j´ � Ã ¶ ¾ ¸jÑ[ÌI¼|Ð¤Ì?´D¸�5OÉ|ÑD¸jÑDË·½I¹ÊË|ÐA� Ã Év½?ÑDÈ»ÌI´3½j´ 5iÉÞÑ[¸jÑDË·½j¹»Ë|Ð/Ñ ¾¤¾ ´b¸ÓÒ|¹ÊË|º½I´�Ñ/µ_´bÈ»¹ ¾ ¶�½j¼|Ñ[½�´bµv½j¹»Ýl¹ W¡Ð¤Ì§ÌIÉ|¸Û×O¹»×[Ñ Ã ¹»ÈÊ¹»½Ø¶DÎ)ÇZÉ ¾ ¼�µ_´bÈÊ¹ ¾ ¹ÊÐ¤Ì�ÑD¸ÓÐ<ÑDÒ|Ò|¸ÓÐ¡ÌIÌÓÐ¡Ò&ËvÐ xO½¯Î
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J�+3(��� I�#%��� � �J� � �6�4� 3He���� IJ�C#��6���.� �J��� �
�RÐ¤Ì¡Î#Ù Ô:½j¼|Ð ÝlÑDËÞÑDºDÐ¡¸�¹ÊË�Ò|´bÝlÑD¹»Ë � ¹ÊÌ ¾ Ð¡¸Ó½jÑD¹ÊË�½j¼|Ñ[½tÒ|´bÝlÑD¹ÊË 3 ¹ÊÌ ¾ ´D¸I¸IÉvµv½ �
� ÌÓ¼|´bÉ|È»Ò Ã ÈÊ´ ¾RQ 3�Î OÏÒ|Òv¹»½j¹»´bËÞÑDÈ»È»¶&�w¹»Ôg½I¼|Ð�ÝhÑDË|ÑDºbÐ¡¸1¹ÊË � ¾ Ñ[Ë µ|¸Ó´B×bÐn½j´�´D½I¼|Ð¡¸ÝlÑDËÞÑ[ºbÐ¡¸ÓÌz½j¼|Ñ[½ 3 ¹»Ì ¾ ´b¸Ó¸IÉ|µZ½ �o¹ ½�ÌI¼v´bÉ|ÈÊÒ£Ô²´b¸ lTÑD¸IÒ&½I¼ÞÑ[½�µv¸I´O´DÔRÑDË|Ò 3 ÌÓ¼|´bÉ|È»Ò Ã Ð
5iÉÞÑ[¸jÑDË·½j¹»Ë|Ð¡Ò Ã ¶�ÑDÈ»È ¾ ´b¸Ó¸IÐ ¾ ½�ÝhÑ[ËÞÑDºbÐ¤¸IÌ¡Î

M.Z
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��4� � ����3He�� I�3(��� �.� � IJ�C#��6���.� �J� 3(��� IJ# ��� � ��� � �C� ��3�
ÙØË�ºbÐ¤Ë|Ð¡¸IÑDÈ �RË|´ � Ã Ð ¾ ÑDÉ|ÌIÐt´DÔ�½j¼|Ð�¸Ó¹ÊÌ Q ´DÔzÌIµ_´Z´&#|Ë|º,ÑDË|Ò�Ò|Ð¡Ëv¹ÜÑDÈ§´[ÔÏÌÓÐ¡¸Ó×O¹ ¾ ÐDÎ�Æ�¼|ÐÒvÐ ¾ ¹»ÌI¹»´bË�Ý:É|ÌÛ½tÑDÈÊÌÓ´�Ò|Ð¡µ_Ð¡Ë|Ò �Ï½j¼|´DÉ|ºb¼��z´bË�ÑikÓÉ|Ò|ºbÐ¤ÝlÐ¤Ëi½£Ñ Ã ´bÉv½h½j¼|Ð ÈÊ¹ Q Ð¤ÈÊ¹Ê¼v´Z´OÒ½I¼ÞÑ[½�½I¼|Ð<ÌIÉ|ÌÓµ|¹ ¾ ¹Ê´bË�¹ÊÌ ¾ ´b¸I¸ÓÐ ¾ ½¯Î
Æ�¼vÐ ]RÑ[ÈÊ¹ÊÒ|Ñ[½j¹»´bË ÕgÐ¡µ_´b¸Ó½=��³T¼ÞÑ[µv½jÐ¤¸ L ��ÑDËÞÑ[È»¶�W¡Ð¤Ìt´DË|Ð ¾ ´bÝ�Ýl´DË�ÌIµ_Ð ¾ ¹ÊÑDÈ ¾ ÑDÌIÐ ¹ÊËÒvÐ¤½ Ñ[¹ÊÈMÎWÙ Ô �y¹ÊÌ ¾ Ð¡¸Û½ ÑD¹»Ë<½I¼ÞÑ[½ 3�¹»Ì ¾ ´b¸Ó¸IÉ|µv½ Ã Év½ ¾ ÑDË|Ëv´D½^µ|¸I´B×DÐR¹ ½o½j´g´D½I¼|Ð¡¸WÝlÑDËÞÑ[ºbÐ¡¸ÓÌ=�½I¼|Ð¡Ë � � Ì ¾ ÈÜÑD¹»Ý � 3 ¹»Ì ¾ ´b¸Ó¸IÉ|µv½��h¹»Ì�´bË|È»¶nÑ�ÌÓÉ|ÌIµ|¹ ¾ ¹»´bËnÔ²´b¸�½j¼|´bÌÓÐ5´[½j¼|Ð¤¸�ÝlÑDËÞÑ[ºbÐ¡¸ÓÌ=�Ã Ð ¾ ÑDÉ|ÌÓÐ �ÝlÑB¶t¹ ½jÌIÐ¤È»Ô Ã Ð ¾ ´b¸I¸ÓÉ|µv½�Ñ[Ë|Ò�È»¶O¹ÊËvº|ÎzÆ�¼vÐ:ÌIÉ|ÌÓµ|¹ ¾ ¹Ê´bË �G¼|´.lpÐ¤×bÐ¤¸=� ¾ Ñ[¸I¸I¹»Ð¡ÌÑ¦È»´D½�´DÔ�¹ÊËvÔ²´D¸IÝlÑ[½j¹»´bË�� Ã Ð ¾ ÑDÉ|ÌÓÐ1ÑK½gÈÊÐ¯Ñ[ÌÓ½g´bË|Ð<´DÔ ��´b¸ 3 � # ¾ ´b¸I¸ÓÉ|µv½¯Î
³T¼|ÑDµv½jÐ¤¸ L ÌI¼|´.lgÌ�½j¼ÞÑ[½=�T¹ ÔÏ½j¼vÐ£ËiÉ|Ý Ã Ð¡¸�´DÔ�Òv´bÝhÑ[¹ÊË|Ì¦¹»Ì�Ý1É ¾ ¼ ÈÜÑ[¸IºbÐ¤¸:½j¼ÞÑDË�½j¼|ÐÌÓ¹ W¤Ðz´DÔWÑ5¸IÐ¤µ|ÈÊ¹ ¾ Ñ[½I¹Ê´bË/ºb¸Ó´bÉ|µ ]É|ÌÓÉÞÑDÈÊÈ ¶ Â ���·½I¼|ÐÏÒ|ÐUÔ²Ð¡Ë|ÌÓÐ�ÌI¼v´bÉ|ÈÊÒ 5iÉÞÑD¸jÑ[Ëi½I¹ÊË|Ð Ã ´[½j¼ �Ñ[Ë|Ò�3�½I´:ÝhÑ�xv¹»Ýl¹ W¡Ðg½j¼|Ðzµ|¸I´ Ã Ñ Ã ¹»ÈÊ¹»½Ø¶¦½I¼ÞÑ[½p½j¼|Ð�ÑK½I½ Ñ ¾RQ ¹»Ì ¾ ´DËi½jÑD¹ÊËvÐ¡ÒnÑDËvÒ3½j¼|Ð¤¸IÐ Ã ¶ÝlÑ%xZ¹ÊÝ�¹ W¤Ð�½j¼|Ð:ÌÓÉ|¸Ó×O¹ ×DÑ[Èw´DÔE½j¼vÐ¦ÑDµ|µ|È»¹ ¾ Ñ[½j¹»´bËoÎ o Év¸�ÑDËÞÑDÈ ¶OÌI¹ÊÌz´DÔE½j¼|Ð Ã Ð¤ÌÓ½�µ_´bÈÊ¹ ¾ ¶t¹»Ô½I¼|ÐgËiÉ|Ý Ã Ð¡¸E´DÔoÒv´bÝhÑ[¹ÊË|Ì)¹»Ì)ÌIÝlÑDÈÊÈ�lTÑDÌRË|´D½ ¾ ´DÝlµ|È»Ð¤½IÐ¡Ò/Ò|É|¸Ó¹ÊË|º<½j¼|ÐgÙØÆgÖ O¨µ|¸Ó´%kÓÐ ¾ ½¯Î
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Æ�¼|ÐtÙØÆgÖpO�Ò|Ð¡ÌÓ¹ÊºbË�¹ÊË ¾ ÈÊÉvÒ|Ð¡Ì�¸jÑDµv¹ÊÒ�ÈÊ´ ¾ ÑDÈ�¸ÓÐ¡ÌÓµ7´bËvÌIÐ£½I´¥ÐU×bÐ¤Ëi½IÌh½j¼|Ñ[½�ÝhÑ¯¶�¹»Ë|Ò|¹ ¾ Ñ[½jÐtÑDËÑ[½Ó½ Ñ ¾RQ ¹ÊÌ�¹ÊË�µ|¸I´bºD¸IÐ¡ÌÓÌ¡Î�Æ�¼vÐ¡ÌIÐ¦¸ÓÐ¡ÌÓµ7´bËvÌIÐ¡Ì<Ñ[¸IÐ1È»´ ¾ ÑDÈW½j´3Ð¡Ñ ¾ ¼�¼|´bÌÛ½<ÑDË|Ò&ÑD¸IÐ:Ý1É ¾ ¼�Ô]ÑDÌÛ½jÐ¡¸½I¼ÞÑDË¥½I¼|ÐhºDÈÊ´ Ã Ñ[ÈEÑDÒÞÑDµv½I¹»×DÐh¸IÐ¤ÌIµ_´bË|ÌÓÐ¡Ì:Ò|Ð¤Ì ¾ ¸I¹ Ã Ð¡Ò�¹»Ë,½I¼|Ðhµv¸IÐ¤×O¹»´bÉ|Ì1ÌÓÐ ¾ ½j¹Ê´DË Ã Ð ¾ ÑDÉvÌIÐ3Ë|´¾ ´Z´b¸ÓÒ|¹ÊË|Ñ[½j¹»´bË�ÑDÝ�´bË|º3½I¼|Ð/ÝhÑDË|ÑDºbÐ¡¸ÓÌ�¹ÊÌ�¹»Ëi×D´bÈ»×DÐ¡ÒoÎHO$Ô]ÑDÌÛ½jÐ¤¸?¸ÓÐ¡ÌÓµ7´bËvÌIÐ/ÝlÐ¡ÑDË|Ì�½j¼|Ñ[½�½j¼|Ð¾ ¼ÞÑ[Ë ¾ Ð?´DÔ�Ò|Ð¡ÈÊÑB¶O¹»Ë|º/´b¸§Ô²´b¹ÊÈ»¹ÊË|º1ÑDË£Ñ[½I½jÑ ¾RQ ¹ÊÌ�ºD¸IÐ¯ÑK½jÐ¡¸¤Î
O ¾ ´bË·½j¸Ó´bÈOÈÊ´O´bµ<¹ÊÝ�µ|ÈÊÐ¤ÝlÐ¤Ëi½IÌ^Ð¯Ñ ¾ ¼:¸IÑDµ|¹»Ò5È»´ ¾ ÑDÈ·¸IÐ¤ÌIµ_´bË|ÌIÐ[Î�Æ�¼|Ð ¾ ´bË·½j¸Ó´bÈOÈÊ´O´bµ<Ýl´bËv¹»½j´D¸IÌ´bËvÐn´b¸¦Ýl´D¸IÐnÌIÐ¤Ë|ÌI´D¸IÌ=�pÐ¯Ñ ¾ ¼�´DÔ lg¼|¹ ¾ ¼�¹»Ì:½Ø¶Zµv¹ ¾ Ñ[ÈÊÈ»¶�Ñ TD¸IÒ�µÞÑ[¸Ó½Ø¶�ÙØË·½j¸ÓÉ|ÌI¹»´bË h�Ð¤½IÐ ¾ ½I¹Ê´bËÇO¶OÌÛ½jÐ¡Ý ]Ù h<Ç �rÎ �Þ¸Ó´bÝ�½j¼|Ð:ÌÓÐ¡Ë|ÌÓ´b¸�ÒÞÑK½ Ñ3ÑDËvÒ�µ7´bÌÓÌI¹ Ã È»¶t´D½I¼|Ð¡¸zÌÓ½ ÑK½jÐ&�oÑhÒ|Ð ¾ ¹ÊÌÓ¹Ê´bË&¹»ÌÏÝlÑDÒ|ÐÑDËvÒ ¾ ¼|ÑDË|ºbÐ¤ÌR½I´�½j¼|ÐgÈÊ´ ¾ Ñ[Èv¼|´bÌÛ½pÑD¸IÐ�ÝlÑDÒ|ÐT×O¹ÊÑ<´DË|Ð�´b¸)Ý�´b¸IÐgÑ ¾ ½jÉÞÑK½j´b¸ÓÌ¡Î)ÇOÐ¡Ë|ÌÓ´b¸IÌ lTÐg¼ÞÑ¯×DÐÉ|ÌÓÐ¡Ò£¹ÊË ¾ ÈÊÉ|Ò|Ð?�
� ½I¼|Ð5ÇZË|´b¸Û½gË|Ð¤½mlp´b¸ Q Ù h<Ç ; M Â = <
� ½I¼|Ð<Æ�¸Ó¹Êµ lg¹Ê¸ÓÐ #ÞÈÊÐ�¹»Ë·½jÐ¡ºD¸I¹»½Ø¶ ¾ ¼|Ð ¾RQ Ð¡¸0; \?= <
� Ñ:¼v´bÝlÐ¤ºb¸I´.lgË�Ò|ÐU½jÐ ¾ ½j´b¸�Ô²´b¸TÆ�³ j ¾ ´bËvË|Ð ¾ ½j¹Ê´DË >|´Z´OÒ|Ì=�'lg¼|¹ ¾ ¼ ¾ ´bÉvËi½IÌ�½j¼|Ð�ËiÉ|Ý Ã Ð¡¸´[ÔoÐ xZ¹»ÌÓ½j¹»Ë|º ¾ ´bË|Ë|Ð ¾ ½I¹Ê´bË|ÌR´bËlÐ¯Ñ ¾ ¼3µ_´b¸Û½TÑ[Ë|Ò3¸jÑ[¹ÊÌIÐ¤ÌTÑ[ËhÑDÈÊÑD¸IÝ�¹»ÔG½I¼|ÐÏËiÉ|Ý Ã Ð¤¸p¹»ÌE½I´Z´¼v¹Êºb¼�<
� Ñ:¼v´bÝlÐ¤ºb¸I´.lgËnÒ|ÐU½jÐ ¾ ½j´D¸§Ô²´b¸ O�Õ j ¾ Ñ ¾ ¼|Ð<µ_´b¹ÊÌÓ´bË|¹ÊËvº ��lg¼v¹ ¾ ¼�¸IÐ¤ÝlÐ¤Ý Ã Ð¤¸IÌT½I¼|Ð�ÌÓ½jÑ[½jÐ´[Ô�½I¼|Ð O�Õ j ¾ Ñ ¾ ¼vÐ5Ñ[Ë|Ò£¸IÑD¹ÊÌÓÐ¡Ì�ÑDËtÑDÈÊÑD¸IÝ�lg¼|Ð¡Ët¹»½g¹»Ì ¾ ¼ÞÑDË|ºbÐ¤ÒoÎ

O ¾ ½jÉ|Ñ[½j´b¸ÓÌ lTÐ<¼ÞÑ¯×bÐ?É|ÌÓÐ¡Ò�¹»Ë ¾ È»É|Ò|Ð?�
M�P



� ½I¼|Ð?ÅzÐU½ #ÞÈ ½jÐ¡¸gÍW¹»ËOÉ�x #Þ¸IÐ l§Ñ[ÈÊÈ ; M�M = <
� ¼v´bÝlÐ¤ºb¸I´.lgË�Ì ¾ ¸I¹»µv½jÌ�Ô²´b¸ ¾ ¼|Ð ¾RQ µ7´b¹»Ë·½j¹ÊËvºhÑDËvÒ£¸ÓÐ¡ÌÓ½I´b¸I¹»Ë|º/ÒÞÑ[½jÑ <
� ¼v´bÌÓ½�ÌI¼iÉv½IÒ|´.lgËoÎ

OzÌ lg¹ ½j¼�ºbÈ»´ Ã ÑDÈ ¾ ´O´b¸IÒ|¹»ËÞÑ[½I¹Ê´bË��Z¸jÑDµv¹ÊÒnÈÊ´ ¾ Ñ[Èo¸IÐ¤ÌIµ_´bË|ÌIÐ?¸jÑ[¹ÊÌIÐ¤Ì§×[ÑD¸I¹»´bÉ|Ì�µ_´bÈÊ¹ ¾ ¶3¹»ÌIÌÓÉ|Ð¡Ì �
� 1i� � �CG-G:#���3;3;��/:� 3;DJ�:I 54� 5 �v���65 #���3 
��:��3(��3�e�� �
Æ�¼vÐ<ÑDË|Ì lpÐ¡¸gÒ|Ð¤µ7Ð¤Ë|Ò|Ìg´bË�Ñ kÓÉ|ÒvºbÐ¡Ý�Ð¡Ë·½�Ñ Ã ´bÉv½p½j¼|Ð�¸ÓÐ¡ÈÊ¹ÊÑ Ã ¹»ÈÊ¹»½Ø¶:´DÔ^½j¼|Ð�ÌÓÐ¡Ë|ÌÓ´b¸IÌgÑDËvÒ´[Ô§½j¼|ÐlÝlÐ¡ÑDË|¹»Ë|º£´[Ô�½j¼|ÐlÌIÐ¡ËvÌI´b¸:Ò|Ñ[½ ÑvÎ�Ù h<ÇZÌ1ÑD¸IÐlË|´D½I´b¸I¹»´bÉ|ÌIÈ ¶ ¹ÊÝ�µ|¸IÐ ¾ ¹»ÌIÐ��:Ñ ¾ ½IÉÞÑDÈÑK½I½ Ñ ¾RQ Ì/Ñ[¸IÐnÝ�¹ÊÌIÌÓÐ¡Ò�ÑDË|Ò�Ô]Ñ[ÈÊÌIÐ3ÑDÈÜÑD¸ÓÝlÌ1ÑD¸IÐn¸IÑD¹ÊÌÓÐ¡ÒoÎ¥Æ�¼|Ð�Ñ[½Ó½ Ñ ¾RQ Ð¡¸/ÝhÑ¯¶�ÑDÈÊÌÓ´ Ã ÐÑ Ã ÈÊÐ�½I´�ÌÓµ7´O´DÔ �|´D¸§Ô²´Z´bÈ7½j¼|Ð<Ò|ÐU½jÐ ¾ ½j´b¸g¹»Ëi½I´/¸jÑD¹»ÌI¹ÊËvº:½j¼|Ð	lg¸I´DË|º Q ¹»Ë|Òt´DÔ�Ñ[ÈÜÑD¸ÓÝ£Î
�Þ´b¸�Ð xvÑDÝlµvÈÊÐ&�®Ñ[Ë�Ñ[½Ó½ Ñ ¾RQ Ð¡¸�ÝhÑ¯¶nÉvÌIÐ5Ñ�µ_´b¸Ó½gÌ ¾ ÑDË�ÑDÌg½j¼|Ð�#Þ¸ÓÌÓ½zÌÓ½jÐ¤µ�¹»Ë£Ñ[Ë�Ñ[½Ó½ Ñ ¾RQ �½I´C#ÞË|Ò lg¼v¹ ¾ ¼tµ7´b¸Û½jÌ�Ñ/¼|´bÌÓ½�¼ÞÑ[Ì�´Dµ7Ð¤ËoÎ O�ÌÓÐ¡Ë|ÌÓ´b¸�½I¼ÞÑ[½g¸ÓÐ¡µ_´b¸Ó½IÌzµ_´b¸Ó½gÌ ¾ ÑDËvÌ ¾ ´bÉ|ÈÊÒÐ¡ÑDÌI¹»È»¶ ¸ÓÐ¡µ_´b¸Ó½$lg¼|¹ ¾ ¼�¼|´bÌÓ½9l§ÑDÌ?½j¼|ÐlÌI´bÉv¸ ¾ Ðh´DÔ§½j¼vÐ3Ì ¾ ÑDË|Ë|¹»Ë|º �wÌÓ´�½j¼|Ñ[½1½I¼ÞÑ[½5¼|´bÌÓ½¾ ´bÉ|È»Ò Ã Ð Ã È»´ ¾RQ Ð¡ÒoÎ�Ö�ËvÔ²´b¸Û½jÉ|ËÞÑK½jÐ¡È ¶%�)Ñtµ7´D¸Ó½:Ì ¾ ÑDË�ÒvÐ¤½jÐ ¾ ½I´b¸:¹ÊÌ?Ð¯Ñ[ÌI¹ÊÈ ¶ ÌIµ_´Z´[Ô²Ð¡Ò�ÌÓ´½I¼ÞÑ[½<¹ ½�¸IÐ¤µ7´b¸Û½jÌ�½j¼vÐ lg¸Ó´bË|º�ÌI´DÉ|¸ ¾ ÐDÎ�ÄTÈÊ´ ¾RQ ¹ÊË|ºtÑn¼|´bÌÛ½ Ã ÑDÌÓÐ¡Ò�´DË,ÌÓÉ ¾ ¼�µ_´b¸Û½<Ì ¾ Ñ[ËÌÓµ7´O´&#ÞËvº lp´bÉ|È»Ò£ÒvÐ¡Ë·¶�ÌIÐ¤¸Ó×O¹ ¾ Ð<½I´�ÑDÉv½j¼v´b¸I¹ W¡Ð¡ÒtÉ|ÌÓÐ¡Ì¡Î
ÙØË�ºbÐ¤Ë|Ð¡¸IÑDÈ �zÑDË�ÑDºbºD¸IÐ¡ÌÓÌI¹ ×bÐ ¸IÐ¤ÌIµ_´bË|ÌIÐ ¹»Ì3ºb´O´ZÒ�¹ Ô5¹ ½n¼ÞÑDÌ�Ñ�¼|¹»ºb¼�µ|¸Ó´ Ã Ñ Ã ¹»ÈÊ¹ ½Ø¶ ´[ÔÌÛ½j´bµvµ|¹ÊË|º¦ÉvËÞÑDÉv½I¼|´b¸I¹ W¡Ð¤Ò Ã Ð¡¼|ÑB×O¹»´b¸¡Î�OzË£Ñ[ºbºb¸IÐ¤ÌIÌÓ¹»×bÐ�¸ÓÐ¡ÌÓµ7´bËvÌIÐ?¹ÊÌ Ã Ñ[Òt¹ Ô^¹»½�¹»Ì§Ð¯Ñ[ÌI¹ÊÈ ¶ÌÓµ7´O´DÔ²Ð¤Òt¹»Ë·½j´/ÌÓ½I´bµ|µ|¹»Ë|º�ÑDÉv½j¼v´b¸I¹ W¡Ð¡Ò Ã Ð¡¼ÞÑ¯×O¹Ê´D¸�¹»Ë|ÌÓ½IÐ¯ÑDÒGÎ
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!¥Ð #Þ¸IÌÛ½RÒ|¹ÊÌ ¾ É|ÌÓÌp¼|´.l ½j¼|Ðg¸IÐ�5iÉ|¹Ê¸ÓÐ¡Ý�Ð¡Ë·½jÌpÑD¸IÐ�ÌÓ¹ÊÝ�¹ÊÈÊÑD¸=�K½j¼|Ð¤ËlÒ|¹»Ì ¾ É|ÌIÌR¼|´.l ¹»Ëi½I¸IÉ|ÌÓ¹Ê´bË½I´bÈÊÐ¤¸jÑDË ¾ Ð�ºb´OÐ¡Ì Ã Ð¤¶b´DË|ÒtÔ]Ñ[É|È»½�½I´bÈÊÐ¤¸jÑDË ¾ ÐDÎ
ÙØË·½I¸IÉ|ÌÓ¹Ê´bË�½j´DÈÊÐ¡¸IÑDË ¾ Ð¦¹ÊÌ�ÈÊ¹ Q Ð/Äp¶�W¡ÑDË·½j¹ÊËvÐ/Ô]Ñ[É|È»½�½I´bÈÊÐ¤¸jÑDË ¾ Ð¦¹ÊË�½I¼ÞÑ[½ ¾ ´D¸I¸IÉvµv½j¹»´bË ´DÔ§ÑÌÓÉ Ã ÌÓÐ¤½p´DÔ_ºb¸I´bÉvµlÝ�Ð¡Ý Ã Ð¡¸ÓÌ)Ý:É|ÌÛ½ Ã Ð�½j´DÈÊÐ¡¸IÑ[½jÐ¤ÒoÎwÙØË Ã ´D½j¼ ¾ Ñ[ÌIÐ¡Ì lpÐzÑ[¹ÊÝ�½j´�½j´bÈ»Ð¡¸IÑ[½jÐÄR¶'W¡ÑDË·½j¹»Ë|Ð ¾ ´b¸Ó¸IÉ|µv½I¹Ê´bË � lg¼|¹ ¾ ¼�¹ÊÌ:½I¼|Ð
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Ù ÔwÑ:ËvÐ�l¨¸IÐ¡µvÈÊ¹ ¾ Ñ1¹ÊÌpË|Ð¡Ð¤Ò|Ð¡Òt¹ÊËhÌI´bÝ�Ð�ºb¸Ó´bÉ|µ��Z¹ÊË
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Ù Ô)Ñ/ÌIÐ ¾ É|¸I¹ ½Ø¶�Ò|´bÝlÑD¹ÊË ¾ ´bË·½ ÑD¹»Ë|Ìg¼|´bÌÛ½jÌ�´b¸gµ|¸I´ ¾ Ð¤ÌIÌIÐ¤Ìz½I¼ÞÑ[½zÑD¸IÐ Ã Ð¡¼ÞÑ¯×O¹ÊËvºl¹»Ë£ÑÌIÉ|ÌÓµ|¹ ¾ ¹Ê´bÉ|ÌpÝhÑ[Ë|Ë|Ð¡¸ Ã Év½§ÑD¸IÐ�Ë|´D½R¶bÐU½�µ|¸Ó´�×[Ñ Ã È»¶ ¾ ´D¸I¸IÉvµv½ �OÌI¼|´DÉ|ÈÊÒ�½j¼|ÐzÒ|´bÝlÑD¹ÊËÃ Ð 5iÉÞÑD¸IÑDË·½j¹ÊËvÐ¡Ò �
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Æ�¼vÐ:ÑDË|Ì lTÐ¤¸�Ò|Ð¤µ7Ð¤Ë|Ò|Ì�´bËilg¼|Ð¡¸ÓÐ5½I¼|Ð1´ Ã ÌIÐ¡¸Û×bÐ¤¸�¹ÊÌ¤Î�Æ}´3Ñ[Ë�´bÉv½IÌI¹»Ò|Ð1´ Ã ÌIÐ¡¸Û×bÐ¤¸=�GÐ[Î ºvÎ$�Ñ[Ë�Ñ[½I½jÑ ¾RQ Ð¤¸Xlg¼|´ ¼ÞÑDÌ¦Ë|´�µ|¸Ó¹»×O¹ÊÈ»Ð¡ºbÐl¹ÊË�½I¼|Ð3ÌÓ¶OÌÛ½jÐ¡Ý��pÑ&¸jÑDË|Òv´bÝ ¾ ¼|´D¹ ¾ Ð Ã Ð¤½mlpÐ¡Ð¤ËÑ[È»½jÐ¤¸IËÞÑK½j¹»×DÐ¡Ì lg¹»ÈÊÈ|Ñ[µ|µ7Ð¡ÑD¸)É|Ë|µv¸IÐ¡Òv¹ ¾ ½jÑ Ã È»ÐDÎwÆ�¼v¹ÊÌE¹ÊÌ�½I¸IÉ|Ð�ÐU×bÐ¡Ë�lg¼|Ð¡Ë�½j¼|Ð�ËiÉ|Ý Ã Ð¤¸R´[ÔÑ[È»½jÐ¤¸IËÞÑK½j¹»×DÐ¡ÌE¹ÊÌRÌIÝlÑDÈ»ÈMÎ �z´.lTÐU×bÐ¤¸=�|¹ ÔG½j¼vÐz´ Ã ÌIÐ¡¸Û×bÐ¤¸§¹ÊÌE¹ÊËvÌI¹ÊÒvÐg½I¼|ÐÏÐ¤Ë·½j¹»½Ø¶¦½I¼ÞÑ[½pÝhÑ Q Ð¡Ì½I¼|Ð)¸jÑ[Ë|Ò|´bÝ ¾ ¼v´b¹ ¾ ÐE½I¼|Ð¡Ë<½j¼vÐ)´ Ã ÌIÐ¤¸Ó×DÐ¡¸ lg¹»ÈÊÈ Ã ÐEÑ Ã ÈÊÐ�½j´gµ|¸ÓÐ¡Ò|¹ ¾ ½W½I¼|Ð Ã Ð¤¼ÞÑ¯×Z¹»´b¸W´DÔO½j¼|ÐÌÛ¶OÌÓ½jÐ¤Ý�Ô²´bÈÊÈ»´.lg¹ÊË|º�½j¼|Ð ¾ ¼|´D¹ ¾ Ð[Î�ÇZ´n½j¼|Ð¦ºDÐ¡Ë|Ð¤¸jÑDÈ)Ñ[Ë|Ì lpÐ¡¸?¹ÊÌÏ½I¼ÞÑ[½<É|Ëvµ|¸IÐ¤Ò|¹ ¾ ½ Ñ Ã ¹»ÈÊ¹ ½Ø¶¾ ÑDË|Ë|´[½ Ã ÐhºbÉÞÑ[¸jÑDË·½jÐ¤Ð¡Ò�� Ã Év½¦Ñ�¸IÑDË|Ò|´DÝ ¾ ¼v´b¹ ¾ Ðulg¹ÊÈ»È Ã ÐhÉvË|µ|¸IÐ¤Ò|¹ ¾ ½ Ñ Ã ÈÊÐl½I´&ÌI´DÝlÐ´ Ã ÌIÐ¤¸Ó×bÐ¤¸IÌ¤Î
³T´DË|ÌI¹»Ò|Ð¡¸§½I¼|Ð	lT´b¸ÓÌÓ½ ¾ Ñ[ÌIÐ<Ô²´b¸§½j¼|Ð�ÒvÐ¤Ô²Ð¡ËvÌIÐDÎ O�Ò|Ð ¾ ¹ÊÌÓ¹Ê´bË��vÌIÉ ¾ ¼�ÑDÌ lg¼|Ð¡¸ÓÐ?½I´ ¾ ¸IÐ¡Ñ[½jÐÑ,Ë|Ð�l+¸ÓÐ¡µ|È»¹ ¾ Ñ6� lg¹ÊÈ»È Ã Ð£ÝhÑDÒvÐ Ã ¶ Ñ�ÌIÐU½3´DÔ�ÝhÑDË|ÑDºbÐ¡¸ÓÌ=��¹»Ë ¾ È»É|Ò|¹ÊËvº�Ñ[½lÈÊÐ¡ÑDÌÓ½l´bË|ÐÝlÑDËÞÑ[ºbÐ¡¸¦Ô²¸I´DÝ ÐU×bÐ¤¸Ó¶ Ò|´bÝlÑD¹ÊË�½j¼ÞÑK½3¹ÊÌ�Ë|´D½ 5iÉÞÑD¸IÑDË·½j¹ÊËvÐ¡ÒoÎ¨Ù Ô�½j¼|Ð�Ñ[½I½jÑ ¾RQ Ð¤¸3¼ÞÑDÌÌÓ¹ÊÈ»Ð¡Ë·½jÈ ¶ ¾ ´b¸Ó¸IÉ|µZ½jÐ¡Ò�´bË|Ðh´[Ô§½j¼|ÐlÝhÑ[ËÞÑDºbÐ¤¸IÌ?¹ÊË¥½I¼ÞÑ[½5ÌIÐU½ ��¼|Ð�lg¹ÊÈ»È)ÈÊÐ¯Ñ[¸IË¥½I¼|Ðh¸ÓÐ¡ÌÓÉ|È»½´[ÔR½I¼|Ð/Ò|Ð ¾ ¹ÊÌÓ¹Ê´bË Ã Ð¤Ô²´b¸ÓÐ:½j¼ÞÑ[½<ÒvÐ ¾ ¹»ÌI¹»´bË ¹ÊÌ�µ|Év½?¹»Ëi½I´nÐ��7Ð ¾ ½¯Î/Æ�¼|Ð¡¸ÓÐ¤Ô²´b¸ÓÐ&�}Ñn¸jÑDËvÒ|´bÝÒvÐ ¾ ¹»ÌI¹»´bË�lg¹ÊÈÊÈ Ã Ð<µ|¸ÓÐ¡Ò|¹ ¾ ½jÑ Ã ÈÊÐ�¹»Ën½j¼|¹»Ì ¾ ÑDÌÓÐDÎ
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Performance and Red Team Evaluation Report 
 
Validating Intrusion Tolerance Using Mathematical Models 
 
Validation and Characterization Report 
 
Final Software Release Users’ Guide 
 
ITUA Gateway Reference Manual 
 
OASIS Peer-Review Document 
 
     Finally, the following technical reports also document results of research per- 
formed under this project. 
 
     Overcoming Byzantine Failures using Checkpointing.  Adnan Agbaria and Roy  
Friedman.  University of Illinois at Urbana-Champaign Coordinated Science Lab- 
oratory technical report no. UILU-ENG-03-2228 (CRHC-03-14), December 2003. 
 
     Stochastic Modeling of Intrusion-Tolerant Server Architectures for Dependabil- 
ity and Performance Evaluation.   V. Gupta, V. Lam, H.  V.  Ramasamy, W. H. 
Sanders, and S. Singh.  University of Illinois at Urbana-Champaign  Coordinated 
Science Laboratory technical report no. UILU-ENG-03-2227 (CRHC-03-13),  
December 2003. 
 
 
7 Plans for Further Research 
 
The results obtained in ITUA reinforce the need for continued further exploration 
of a number of topics, that can be roughly identified as falling within the three 
broad areas: 
 
 

• Integration of available Intrusion Tolerance solutions:  ITUA and other 
OASIS projects provided solutions to specific problems.  These individual 
technologies need to be put together in an integrated solution to understand 
their collective capabilities. 
 

• Further exploration of open issues and issues uncovered during the 
present phase of research:  Exploration to date both within the outside 
ITUA, clearly shows that several key issues in intrusion tolerance are still 
open (some of these are discussed later in this section).  Without satisfactorily 
addressing these issues, integration of multiple technologies will remain weak, 
and vulnerable. 
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OzµÞÑD¸Ó½gÔ²¸Ó´bÝ ´bÉ|¸gÒ|Ð¤Ýl´DË|ÌÓ½I¸jÑ[½I¹Ê´bË�¹ÊË·×D´bÈ»×O¹ÊËvºlÄp´ZÐ¤¹ÊË|º�� ÌgÙ w)ÙÛÇZÆyÑDµ|µvÈÊ¹ ¾ Ñ[½j¹»´bË ¾ ´DÝlµ_´bË|Ð¤Ëi½IÌ=�
lpÐ&½j¸IÑDË|ÌÓÔ²Ð¤¸IÐ¤Ò�µv¹ÊÐ ¾ Ð¡Ìn´DÔ?ÙØÆgÖ O�½jÐ ¾ ¼vË|´bÈÊ´DºD¶�½I´�´D½j¼vÐ¡¸nµ|¸Ó´%kÓÐ ¾ ½jÌnÌIÉ ¾ ¼�ÑDÌnÇ'O�Ú&Ç�ÑDËvÒ
o O�ÇZÙÛÇuh�Ð¤Ý %�]RÑDÈMÎ o É|¸ lp´b¸ Q ¹»ËhÙØÆgÖ O�¼ÞÑDÒlÒ|¹Ê¸ÓÐ ¾ ½T¹»ÝlµÞÑ ¾ ½R´bËlÔ²´DÈÊÈÊ´.l�É|µh¸ÓÐ¡ÌIÐ¡ÑD¸ ¾ ¼nµv¸I´A�ºb¸IÑDÝ�Ì�ÌIÉ ¾ ¼¥ÑDÌ<ÇZÕÏÇ�ÑDË|Ò o O�ÇZÙÛÇ h�Ð¡ÝY%%]RÑDÈQÎ !�Ð¦ÌÓÐ¡Ð¤Ò|Ð¡Ò,Ë|Ð�l�¸IÐ¤ÌIÐ¯Ñ[¸ ¾ ¼,¹ÊÒ|Ð¡ÑDÌ�ÌIÉ ¾ ¼�ÑDÌÑ >ÞÐ xZ¹ Ã ÈÊÐ ¾ ´DÝlµ_´bË|Ð¤Ëi½ Ã Ñ[ÌIÐ¡ÒtÔ²¸jÑDÝ�Ð�lp´b¸ Q Ô²´b¸g¹ÊË·½j¸ÓÉ|ÌI¹»´bËn½j´bÈ»Ð¡¸IÑDË·½ ¾ ´bÝ�Ý:É|Ë|¹ ¾ Ñ[½I¹Ê´bË3ÈÊÑ¯¶bÐ¡¸ÑDËvÒ ½j¼vÐ�É|ÌÓÐ�´DÔ�ÉvË ¾ Ð¤¸Ó½ Ñ[¹ÊË·½Ø¶�¹ÊË�ÒvÐ¤Ô²Ð¡ËvÌIÐDÎ�Æ�¼|Ð¤ÌIÐ ¾ ´bË ¾ Ð¤µv½jÌ3ÑD¸IÐ£Ë|´.l Ã Ð¤¹ÊË|º,Ð xZµ|È»´b¸IÐ¤Ò¹»Ë�´bÉ|¸ ¾ ´bË·½I¹ÊËiÉ|Ð¡Ò�¸ÓÐ¡ÌÓÐ¯ÑD¸ ¾ ¼�ÑDÌ9lpÐ¡ÈÊÈpÑDÌ Ã ¶¥´D½I¼|Ð¡¸5¸IÐ¡ÌÓÐ¯ÑD¸ ¾ ¼|Ð¡¸ÓÌ¡Î�!¥ÐhÒ|¹»Ò�ÌIÐ¤Ýl¹»ËÞÑDÈ lT´D¸ Q¹»Ë ½j¼vÐ&ÑD¸ÓÐ¯Ñ¥´[Ô�×DÑ[ÈÊ¹ÊÒ|Ñ[½j¹»Ë|º�¹ÊË·½j¸ÓÉ|ÌI¹»´bË ½I´bÈÊÐ¤¸jÑDË ¾ ÐDÎ !¥Ð�Ò|ÐU×bÐ¡È»´bµ_Ð¡Ò�Ñ¥Ý�Ð¤½I¼|´OÒ|´bÈÊ´DºD¶�Ô²´b¸µ|¸Ó´ Ã Ñ Ã ¹ÊÈÊ¹»ÌÓ½I¹ ¾ 5iÉÞÑ[Ëi½I¹$# ¾ Ñ[½j¹»´bË�´DÔz¹ÊË·½j¸ÓÉ|ÌI¹»´bË�½j´bÈ»Ð¡¸jÑ[Ë ¾ Ðn½j¼|Ñ[½/ÝhÑ Q Ð�É|ÌIÐt´DÔÏÈÊ´bºb¹ ¾ ÑDÈpÑDËÞÑ[È'�¶OÌI¹»Ì:ÑDÌ$lTÐ¤ÈÊÈpÑDÌ1Ý�´OÒ|Ð¡È»¹ÊË|º|Î>!¥Ð3Ñ[µ|µ|ÈÊ¹»Ð¡Ò,½j¼|¹»Ì5½jÐ ¾ ¼|Ë|¹$5OÉvÐh½j´£Ð¤×[ÑDÈÊÉ|Ñ[½jÐlµ|¹ÊÐ ¾ Ð¡Ì5´DÔgÙØÆgÖpO½IÐ ¾ ¼|Ë|´DÈÊ´bºD¶�ÑDË|Ò�µ|ÑD¸Ó½IÌ:´DÔ�½j¼vÐ�h j O�Ç'O ÌIÉv¸Ó×O¹»×[Ñ Ã ¹»ÈÊ¹ ½Ø¶,ÑD¸ ¾ ¼|¹ ½jÐ ¾ ½jÉv¸IÐ9²Ò|Ð¤×DÐ¡ÈÊ´Dµ7Ð¤Ò�ÉvË|Ò|Ð¡¸½I¼|Ð o O�ÇZÙÛÇ h�Ð¤Ý %�]RÑDÈwµ|¸Ó´bºb¸IÑDÝ>�rÎ5Æ�¼vÐ�¸ÓÐ¡ÌÓÉ|È»½IÌ�´DÔR´bÉ|¸�¸IÐ¤ÌIÐ¡ÑD¸ ¾ ¼¥¹ÊË&½j¼vÐ¦ÙØÆgÖpO�µ|¸I´�kÓÐ ¾ ½¹»Ì�Ò|´ ¾ É|Ý�Ð¡Ë·½jÐ¤Ò�¹ÊË,ËiÉ|Ý�Ð¡¸I´DÉ|Ì<µ|É Ã È»¹ ¾ ÑK½j¹Ê´DË|Ì¡Î/Ù ½?ºbÐ¡ËvÐ¡¸jÑK½jÐ¡Ò Â Ú�Ç�½I¼|Ð¡ÌÓ¹ÊÌ5ÑDË|Ò,Ý:É|È»½I¹Êµ|È»Ð
j ¼6h�¸IÐ¤ÌIÐ¯Ñ[¸ ¾ ¼l½I´bµ|¹ ¾ Ì�QÑDÈ»ÈvÉ|ËvÒ|Ð¡¸)½j¼vÐ�ÌÓÉ|µ_Ð¡¸Ó×O¹»ÌI¹Ê´DËl´DÔ j ¸I´DÔ²Ð¤ÌIÌÓ´b¸�!�¹ÊÈÊÈ»¹ÜÑDÝ�ÇZÑDË|Ò|Ð¤¸IÌpÑ[½)½j¼|ÐÖ�Ë|¹»×DÐ¡¸IÌÓ¹»½Ø¶n´[ÔwÙØÈ»ÈÊ¹ÊËv´b¹ÊÌ �UÎ

OÏÌ£Ò|Ð¡Ý�´bË|ÌÛ½j¸IÑ[½jÐ¤Ò Ã ¶�´bÉv¸�Ñ ¾ ¼v¹ÊÐ¤×DÐ¡Ý�Ð¡Ë·½jÌ��FlpÐ�ÝlÑDÒ|Ð¥ÑDËe¹»Ýlµ|¸ÓÐ¡ÌÓÌI¹»×DÐ¥ÌÛ½j¸Ó¹ÊÒ|Ð lg¹»½j¼ÙØÆgÖ O.� Ã Év½
lpÐ�ÑD¸IÐ£ÌÓ½I¹ÊÈÊÈ�Ñ[½l½j¼|Ð�Ð¯ÑD¸ÓÈ»¶�ÌÓ½jÑDºbÐ¡Ìh´DÔ?Ñ�ÈÊ´DË|º lTÑ¯¶ ½I´�lTÑD¸ÓÒ�µ|¸jÑ ¾ ½j¹ ¾ ÑDÈ �§É|Ì �Ñ Ã ÈÊÐ&�^×[ÑDÈÊ¹»ÒÞÑ[½IÐ¡Ò,ÑDË|Ò 5OÉ|ÑDË·½j¹$#ÞÑ Ã ÈÊÐ/ÌÓÉ|¸Ó×O¹»×[Ñ Ã ¹ÊÈÊ¹ ½Ø¶bÎlÙØÆgÖpO µ|¸I´B×O¹ÊÒ|Ð¤Ò�Ñ�µÞÑD¸Ó½I¹ÜÑDÈ)ÌÓ´bÈÊÉZ½j¹Ê´DË��ÑDÒvÒ|¸IÐ¤ÌIÌI¹»Ë|º&´bËvÈ»¶,µÞÑD¸Û½:´DÔ�Ñ�µv¸I´ Ã È»Ð¡ÝtÎ£ÙØË h j O�Ç'O ]É|ËvÒ|Ð¡¸ o O�ÇZÙÛÇ h�Ð¤Ý %�]RÑDÈ �qlpÐ�ÑD¸IÐÐ xvµvÈÊ´b¸Ó¹ÊË|º�Ñ[Ë ¹ÊË·½jÐ¤ºb¸jÑK½jÐ¡Ò�Ñ[¸ ¾ ¼|¹ ½jÐ ¾ ½jÉ|¸ÓÐ&½j¼ÞÑK½ ¾ ´DÝ Ã ¹ÊËvÐ¡Ì3ÌÛ½ Ñ[½IÐ&´DÔ<½j¼|Ð&ÑD¸Ó½t³ o Æ�Ç ÑDËvÒ
h O�Õ j O Ò|Ð¤×DÐ¡È»´bµ7Ð¤Ò¥½IÐ ¾ ¼|Ë|´DÈÊ´bºb¹»Ð¡Ì?µ|¸I´B×O¹ÊÒv¹ÊË|º�µ|¸Ó´D½jÐ ¾ ½j¹»´bË��}Ò|Ð¤½IÐ ¾ ½j¹Ê´DË�ÑDË|Ò�ÑDÒÞÑDµZ½j¹»×DÐl¸ÓÐ��ÌÓµ7´bËvÌIÐ ¾ Ñ[µÞÑ Ã ¹»ÈÊ¹»½I¹ÊÐ¤Ì¡Î}Ù ÔwÌÓÉ ¾¡¾ Ð¡ÌIÌÛÔ²É|È �-h j O�Ç'Oglg¹ÊÈÊÈ_Ò|Ð¤Ýl´bËvÌÓ½j¸IÑ[½jÐ�Ñ:Ë|Ð�l¨¼|¹ÊºD¼ul§ÑK½jÐ¡¸ÓÝhÑ[¸ Q¹»Ë3ÌIÉ|¸Û×O¹»×[Ñ Ã ¹»ÈÊ¹»½Ø¶&�O½I¼ÞÑ[½ ¾ ÑDË Ã Ðz×DÑ[ÈÊ¹ÊÒ|Ñ[½jÐ¤Ò Ã ¶3Ð xZµ_Ð¡¸Ó¹ÊÝ�Ð¡Ë·½ ÑDÈoÑDË|Ò�ÑDËÞÑ[È»¶i½j¹ ¾ Ý�Ð¤½j¼v´ZÒ|Ì��|ÑDËvÒ

T�Z



¾ ´bË #ÞºbÉv¸IÐ¡Òt´bË�½j¼|Ð Ã Ñ[ÌI¹ÊÌ�´[Ô ¾ ´bÌÓ½ � Ã Ð¡Ë|Ð�#|½z½I¸jÑDÒvÐ��Ø´A�GÌ¤Î
!�¼|¹»ÈÊÐplpÐ Ã Ð¡º·ÑDËnÐ xZµ|ÈÊ´b¸Ó¹ÊË|º:Ñ1Ýl´D¸IÐ ¾ ´bÝlµvÈÊÐ¤½IÐÏ¹»Ëi½IÐ¡ºb¸IÑ[½jÐ¤ÒnÌIÉ|¸Û×O¹»×[Ñ Ã ¹»ÈÊ¹»½Ø¶/ÌÓ´bÈÊÉZ½j¹Ê´DËh¹ÊË

h j O�Ç'O?��½j¼|Ð¤¸IÐ£ÑD¸IÐ�´D½I¼|Ð¡¸¦½jÐ ¾ ¼|Ë|¹ ¾ ÑDÈ�µ|¸Ó´ Ã È»Ð¡Ý�Ì/½I´�Ô²´bÈÊÈ»´�l ½j¼v¸I´bÉ|ºD¼oÎ OÏÌ�Ò|´ ¾ É|Ý�Ð¡Ë·½jÐ¤Ò¹»Ët´DÉ|¸�½jÐ¡ÌÛ½�Ñ[Ë|Ò£ÐU×[ÑDÈÊÉÞÑK½j¹Ê´DËt¸ÓÐ¡µ_´b¸Ó½=�ClTÐ?´ Ã ÌÓÐ¡¸Û×bÐ¡Ò�ÌÓÐ¤×DÐ¡¸jÑ[ÈwÑDËv´bÝhÑ[ÈÊ¹ÊÐ¤Ì§¹ÊË�ÌÛ½j¸IÐ¤ÌIÌ�½jÐ¡ÌÛ½j¹»Ë|º �É|Ë ¾ ´B×bÐ¤¸IÐ¡ÒtÑ<Ô²Ð�l�Ò|¸jÑ;l Ã Ñ ¾RQ Ì�¹»Ël´DÉ|¸§ÑDÒZ×bÐ¡¸ÓÌjÑD¸Ó¹ÜÑDÈ®½jÐ¤ÌÓ½I¹ÊË|º �ZÑDË|Òh¹ÊÒ|Ð¤Ëi½I¹$#ÞÐ¤ÒhÌÓÐ¤×bÐ¤¸jÑDÈ7½j¸jÑ[Ò|Ð��´&��ÑDË|Ò3½IÉ|Ë|¹»Ë|º¦¹ÊÌÓÌIÉ|Ð¤Ì¡Î OÏÈ»È_½I¼|Ð¡ÌÓÐ�Ë|Ð¡Ð¤Ò|Ì�Ô²É|¸Ó½I¼|Ð¡¸§Ð xZµ|ÈÊ´b¸IÑ[½j¹»´bËoÎ OzÒ|Ò|¸ÓÐ¡ÌIÌÓ¹ÊË|º:½I¼|Ð¡ÌÓÐ<¹ÊÌIÌÓÉ|Ð¡Ì
lg¹»ÈÊÈG¹»Ýlµv¸I´B×bÐ�½I¼|Ð<ÙØÆgÖpO�½jÐ ¾ ¼vË|´bÈÊ´DºD¶bÎ

�w¹»ËÞÑDÈÊÈ ¶%�R½j¼|Ð¤¸IÐ�ÑD¸ÓÐ£Ô²É|ËvÒÞÑDÝ�Ð¡Ë·½ ÑDÈ�µ|¸Ó´ Ã ÈÊÐ¤ÝlÌ�½j¼ÞÑK½ulpÐ&Ò|¹ÊÒ Ë|´D½h¹ÊË·×bÐ¤ÌÓ½j¹»º·Ñ[½IÐ&ÌI´�Ô]Ñ[¸¡Î
�zÑDË|Ò|È»¹ÊË|º1Ñ[½I½jÑ ¾RQ Ð¤¸IÌ lg¹»½I¼nµ|¸I¹ ×O¹ÊÈÊÐ¤ºbÐg½j¸Ó¶O¹»Ë|º1½j´¦Ò|ÑDÝhÑ[ºbÐz½I¼|Ð�ÌÓ¶OÌÛ½jÐ¡Ý Ã ¶lÝ�´bÉ|Ë·½j¹»Ë|º:ÈÊÐ¤ºb¹»½ �¹»ÝhÑ[½IÐ�Ñ ¾ ½I¹Ê´bË|Ì�]¹»Ë|ÌI¹»Ò|Ð¡¸RÑ[½Ó½ Ñ ¾RQ Ì ���vÉvË|Ò|Ð¡¸ÓÌÓ½jÑDË|Ò|¹»Ë|º¦ÑDË|ÒhÐ xZµ|ÈÊ´D¹»½j¹»Ë|º<Òv¶OËÞÑDÝ�¹ ¾ ÑDË|Ò Ã Ð¤¼ÞÑ¯× �¹»´b¸ Ã Ñ[ÌIÐ¡Òn½I¸IÉ|ÌÛ½g¹ÊË3Ò|ÐUÔ²Ð¡Ë|ÌÓÐ&�®ÌIÉv¸Ó×O¹»×[Ñ Ã ¹»ÈÊ¹ ½Ø¶/´DÔ}¼|¹Êºb¼vÈ»¶�Òv¶OËÞÑDÝ�¹ ¾ Ñ[Ë|Ò&%[´b¸TÝl´ Ã ¹ÊÈÊÐ�ÌÓ¶OÌÛ½jÐ¡Ý�Ì=�É|ËvÒ|Ð¡¸ÓÌÓ½ Ñ[Ë|Ò|¹ÊËvº�¹ÊË·½jÐ¤¸ÓÔ²Ð¤¸IÐ¡Ë ¾ Ð Ã Ð¤½mlpÐ¡Ð¤Ë�Òv¹$�7Ð¡¸IÐ¤Ë·½�ÌIÉv¸Ó×O¹»×[Ñ Ã ¹»ÈÊ¹ ½Ø¶�ÝlÐ ¾ ¼ÞÑDË|¹»ÌIÝ�Ì=� Ã ÐU½I½jÐ¤¸wÌÓ´DÔ ½ �
lTÑD¸IÐ1Ð¡Ë|ºb¹»Ë|Ð¡Ð¤¸I¹»Ë|ºlÔ²´b¸zÒ|Ð¤Ô²Ð¤Ë|ÌIÐ;�ØÐ¤ËÞÑ Ã È»¹ÊË|ºnÑ[¸IÐ1ÌÓ´bÝ�Ð1Ð xvÑDÝ�µ|È»Ð¡Ì¡Î�!�Ð5µ|ÈÜÑDË£½j´3¹»Ëi×DÐ¡ÌÛ½j¹ÊºbÑ[½jÐ½I¼|Ð¡ÌÓÐ/ÑD¸IÐ¡ÑDÌ�¹ÊË�´bÉv¸ ¾ ´bË·½I¹ÊËiÉ|¹ÊËvº�ÑDË|Ò&Ô²Év½IÉ|¸IÐ¦¸ÓÐ¡ÌIÐ¡ÑD¸ ¾ ¼,µ|¸Ó´%kÓÐ ¾ ½jÌ¡Î.�Þ´b¸�¹ÊËvÌÓ½ Ñ[Ë ¾ ÐA�o¹ÊË,Ú o �ÄTÙ wRÇ � lpÐ£ÑD¸IÐ�Ð xZµ|È»´b¸I¹»Ë|º Ýl´OÒ|Ð¤È§Ò|¸I¹ ×bÐ¤Ë�ÑD¸ ¾ ¼|¹»½IÐ ¾ ½jÉ|¸ÓÐ&� lg¼v¹ ¾ ¼�¹»Ë ¾ ´bË%kÓÉvË ¾ ½I¹Ê´bË lg¹»½I¼�ÑÈ»¹ Ã ¸IÑD¸Ó¶�´DÔ5ÑDÒ|ÑDµv½j¹ ×bÐ�Ò|ÐUÔ²Ð¡Ë|ÌÓÐ&�ÏÑDÉv½j´DÝhÑ[½IÐ¡Ò�½IÐ¡ÌÛ½j¹ÊËvº�ÑDË|Ò�¹ÊË·½j¸ÓÉ|ÌI¹»´bË ¹»Ë%kÓÐ ¾ ½j¹Ê´DË ÌIÉ|µvµ7´b¸Û½ �¾ ÑDË£È»Ð¯ÑDÒ�½j´�Ñ/Ýl´D¸IÐ�¸I´ Ã É|ÌÓ½zÐ¡Ëvºb¹ÊË|Ð¤Ð¡¸Ó¹ÊË|º/´DÔwÌIÉ|¸Û×Z¹ ×[Ñ Ã ÈÊÐ�ÌÛ¶OÌÓ½jÐ¤ÝlÌ¤Î§Æ�¼|Ð ¾ ´bË·½I¹ÊËiÉ|Ð¡ÒilT´D¸ QÑ[½}½j¼vÐTÖ�Ë|¹»×DÐ¡¸IÌÓ¹»½Ø¶?´DÔÞÙØÈ»ÈÊ¹»Ë|´b¹ÊÌG´bË¦³ o Ä:�wÙØÆ�Ñ[¹ÊÝ�Ì^½I´ÏÒ|ÐU×bÐ¤ÈÊ´bµ¦Ñ Ã ÐU½I½IÐ¡¸}Ð¡Ë|ºb¹»Ë|Ð¡Ð¤¸IÐ¤Ò:´ Ã kÓÐ ¾ ½ �´b¸Ó¹ÊÐ¤Ëi½IÐ¡Ò ¾ ´bÝ�Ý:É|Ë|¹ ¾ Ñ[½I¹Ê´bË¦Ô²¸IÑDÝlÐ lT´D¸ Q Ô²´b¸R¹ÊË·½j¸ÓÉ|ÌI¹»´bË/½j´bÈ»Ð¡¸jÑ[Ë ¾ Ð�½j¼ÞÑ[½ ¾ Ñ[Ë Ã Ð ¾ ÉvÌÓ½j´DÝl¹ W¡Ð¡ÒÔ²´b¸§×[ÑD¸Ó¹Ê´bÉvÌgÑDµ|µ|È»¹ ¾ ÑK½j¹Ê´DË ¾ ´DËi½IÐ xO½jÌ¤Î8OzÌzÑ[Ë|´D½j¼vÐ¡¸�Ð xvÑDÝ�µ|È»Ð&�|´bËvÐ?´[Ô�½I¼|Ð<´ Ã kÓÐ ¾ ½j¹ ×bÐ¡Ì�´DÔ}½j¼|Ð
h O�Õ j O�ÇZÕÏÇ:µ|¸Ó´bºb¸jÑ[Ý ¹»Ìw½j´�Ò|ÐU×bÐ¤ÈÊ´bµ¦½jÐ ¾ ¼|Ë|´bÈ»´bºb¹»Ð¡ÌwÔ²´b¸�½j¼ l§Ñ[¸Ó½j¹»Ë|º<¹ÊË|ÌÓ¹ÊÒ|Ð¤¸�Ñ[½Ó½ Ñ ¾RQ Ì¤Î�OÏË6�´D½I¼|Ð¡¸pÉ|µ ¾ ´bÝ�¹ÊË|º9h OÏÕ j O�µ|¸Ó´bºb¸IÑDÝ�ÌIÐ¡Ð Q Ì§½j´:Ò|ÐU×bÐ¤ÈÊ´bµ3½IÐ ¾ ¼|Ë|´DÈÊ´bºb¹»Ð¡ÌRÔ²´b¸pÉvÌI¹ÊËvº:Òv¶OËÞÑDÝ�¹ ¾ÑDÈ ½jÐ¤¸jÑ[½I¹Ê´bË<´DÔ|½I¸IÉ|ÌÛ½)¸IÐ¤ÈÜÑ[½I¹Ê´bËvÌI¼|¹»µ<Ô²´D¸�Ò|ÐUÔ²Ð¡Ë|Òv¹ÊË|º�Ñ[µ|µ|ÈÊ¹ ¾ Ñ[½I¹Ê´bËvÌ}¸ÓÉ|Ë|Ë|¹»Ë|ºÏ´DË:Ýl´ Ã ¹ÊÈ»ÐEÑDÒ6�Ø¼v´ ¾Ë|ÐU½mlT´D¸ Q Ì¡Î
� � �)� + �	��� � �

; M�=5Ú¥Î^ÄTÑD¸ Ã ´b¸jÑ Q ��Ú¥Î}Ú£ÑDÈÊÐ Q �}ÑDËvÒ O5Îvh�ÑD¼ Ã É|¸IÑvÎ/Æ�¼|Ð ¾ ´bË|ÌÓÐ¡Ë|ÌÓÉ|Ì1µv¸I´ Ã È»Ð¡Ý�¹ÊË�Ô]ÑDÉ|È ½ �½I´bÈÊÐ¤¸jÑDË·½ ¾ ´DÝlµ|ÉZ½j¹ÊËvº|Î �	/�3 / � ����� )&	(��4�� � À L  À �;�>M.\�\)TvÎ
; À =?ÄT´ Ã ÄTÈÜÑ Q Ð¡È ¶bÎOÆ�¼|Ð§Ð¤Ýlµ_Ð¡¸Ó´b¸�� Ì�´DÈÊÒ:Ñ[¸IÝ�´b¸¡ÎiÙØË�� � � )��,� 	����)�!:��M��U7��� � � # � ��� �5#,����� �µÞÑ[ºbÐ¡Ì À�� M;Z �®ÇZÐ¤µv½jÐ¤Ý Ã Ð¤¸ M.\�\�ZvÎ
; T?=5³ wEÕwÆyÑ[Òv×O¹ÊÌI´D¸I¹ÊÐ¤Ì¡Î)¼·½I½Iµ��G% %%l l l<Î ¾ Ð¡¸Û½¯Î ´b¸Iº7%DÑDÒv×O¹ÊÌÓ´b¸I¹»Ð¡Ì %ZÎ
; Â =$h:Î_³T´b¸ÓÝhÑ[Ë��ÞÆ�Î �zÐ¤¸IÝ��®ÑDË|Ò�³ÏÎGÇZÑ[½I½IÐ¡¸Ó½I¼ l§ÑD¹ ½jÐ[ÎpÆ}¸jÑDËvÌÓÔ²´b¸ÓÝl¹»Ë|º/ÈÊÐ¡ºbÑ ¾ ¶hÌÓ¶OÌÓ½IÐ¡Ý�Ìz½j´´ Ã ½ ÑD¹»Ët¹»ËvÔ²´b¸ÓÝhÑ[½I¹Ê´bËlÌIÉ|µ_Ð¡¸Ó¹Ê´b¸Ó¹»½Ø¶DÎ)ÙØË����)�.� /1/ �#� )
	1/1/ � � � �DÉ|Ë|Ð ÀDÁbÁ MDÎ
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; L =2�TÎ·³T¸I¹ÊÌÛ½j¹ÊÑDË/ÑDË|Òl³ÏÎ �ÞÐ¤½ W¡Ð¡¸¤Î7Æ�¼vÐg½I¹ÊÝ�Ð¡Ò¦Ñ[ÌÓ¶OË ¾ ¼|¸Ó´bË|´bÉ|ÌpÒ|¹ÊÌÛ½j¸Ó¹ Ã Év½IÐ¡Ò¦ÌÛ¶ZÌÛ½jÐ¤Ý$Ýl´OÒ|Ð¡ÈQÎ
� ' ' ' �$�U��$#��� �!�"���$# ��� �M��U�8)8 � 8I����  � # �Z���Z6�	(� ���&)&:5# �B��� #���M Á 4Z � �UZ ÂiÀ�� Z L P6�6�DÉ|Ë|Ð
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